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(57) ABSTRACT 

The present invention provides a band gap type reference 
voltage generating circuit and a semiconductor integrated 
circuit having the same, capable of generating a reference 
voltage of about 1.2V or less whose temperature dependency 
is low, and realizing reduced offset voltage dependency of a 
diiferential ampli?er. A band gap part has: a ?rst resistor and 
a ?rst bipolar transistor connected in series between power 
supply voltage terminals; a second resistor, a second bipolar 
transistor, and a third resistor connected in series between 
the power supply voltage terminals; and a diiferential ampli 
?er that receives voltages generated by the ?rst and second 
resistors, and an output of the differential ampli?er is applied 
to the bases of the two transistors. The output part has a third 
bipolar transistor having a base to which the output of the 
diiferential ampli?er is applied, a fourth resistor connected 
in series with the third bipolar transistor, a current mirror 
circuit for transferring current ?owing in the third bipolar 
transistor, and a ?fth resistor and a diode for converting the 
transferred current to voltage. 

16 Claims, 8 Drawing Sheets 
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REFERENCE VOLTAGE GENERATING 
CIRCUIT, A SEMICONDUCTOR 
INTEGRATED CIRCUIT AND A 

SEMICONDUCTOR INTEGRATED CIRCUIT 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority from Japanese 
patent applications No. 2006-168393 ?led on Jun. 19, 2006, 
and No. 2005-258870 ?led on Sep. 7, 2005, the contents of 
Which are hereby incorporated by reference into this appli 
cation. 

BACKGROUND OF THE INVENTION 

The present invention relates to a technique for generating 
a reference voltage of a semiconductor integrated circuit 
and, more particularly, to a band gap type reference voltage 
generating circuit Which operates on a loW poWer supply 
voltage. The invention relates to a technique effectively 
applied to a reference voltage generating circuit for gener 
ating a reference voltage necessary for, for example, an A/D 
converter or a D/A converter. 

Since a reference voltage is necessary for a converting 
operation in an A/D converter or a D/A converter, a semi 
conductor integrated circuit having therein an A/ D converter 
or a D/A converter is provided With a reference voltage 
generating circuit. Reference voltage generating circuits in 
various circuit forms using a Zener diode, a differential 
ampli?er, and the like are knoWn. Among the circuits, a 
circuit called a band gap reference circuit can generate a 
stable reference voltage having loW poWer supply voltage 
dependency and loW temperature dependency. Conse 
quently, the band gap reference circuit is often used in an 
analog circuit such as an A/D converter, a D/A converter, or 
the like and a circuit including analog and digital elements 
required to have high precision. 
On the other hand, in recent years, the poWer supply 

voltage is being loWered for loWer poWer consumption and 
higher processing speed in a semiconductor integrated cir 
cuit. Accordingly, a reference voltage generating circuit 
provided in the semiconductor integrated circuit, that can 
generate a loWer reference voltage is being developed. 
As an example of an invention related to a reference 

voltage generating circuit for generating a loWer reference 
voltage, there is a reference voltage generating circuit dis 
closed in Japanese Patent Laid-open No. 2004-206633. FIG. 
9 shoWs an example of a reference voltage generating circuit 
disclosed in Japanese Patent Laid-open No. 2004-206633. In 
the reference voltage generating circuit, output voltage (V c) 
of a differential ampli?er AMPO is applied to the gate 
terminals of MOS (Metal Oxide Semiconductor) transistors 
MTl, MT2, and MTO. Consequently, if the siZes of the 
transistors are the same, currents I0 of the same magnitude 
?oW. 

In the reference voltage generating circuit, the drain 
voltage of the transistors MTl and MT2 is applied to a pair 
of differential input terminals of a differential ampli?er 
AMPO. By imaginary short action of the differential ampli 
?er AMPO, feedback is performed so that the difference 
betWeen inputs Vcl and Vc2 becomes Zero. Consequently, a 
voltage equal to the difference betWeen a base-emitter 
voltage VBEl of a bipolar transistor BTl and a base-emitter 
voltage VBE2 of a bipolar transistor BT2 is generated in a 
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2 
resistor R1. The drain current I0 of the transistors MTl and 
MT2 is determined so as to maintain this state. 

The current I0 is copied by the transistor MTO forming a 
current mirror in cooperation With the transistors MTl and 
MT2 and passed to an output circuit including a resistor Ra, 
a diode-connected transistor BT3, and a resistor Rb con 
nected in parallel With the resistor Ra and the transistor BT3, 
thereby enabling loW voltage output to be obtained. Since a 
base-emitter voltage VBEO of the transistor BT3 has a 
negative temperature characteristic such that the base-emit 
ter voltage VBEO decreases When the temperature rises, 
output voltage Vbgout corresponding to a voltage obtained 
by adding a voltage across terminals of the resistor Ra to 
VBEO is compensated by the current I0 having a positive 
temperature characteristic ?oWing in the resistors Ra and 
Rb, and set to a desired voltage value having no temperature 
dependency. 

SUMMARY OF THE INVENTION 

The operation of the reference voltage generating circuit 
in the ?led application is described that offset of the differ 
ential ampli?er AMPO is too small to ignore. In the case of 
attempting to obtain a high-precision reference voltage, 
hoWever, an offset voltage betWeen input terminals of the 
differential ampli?er AMPO cannot be ignored. When the 
input offset voltage (hereinbeloW, simply called offset) of the 
differential ampli?er AMPO is Vos, the reference voltage 
generating circuit in the ?led application operates so as to 
satisfy the relation of Vc2—Vc1:V0S. Consequently, the 
current ?oWing in the resistor R1 changes by the amount of 
Vos, and it causes variations in the output. 
When thermal voltage is expressed as VTIkT/q (T: abso 

lute temperature, k: Boltzmann constant, q: charge quantity) 
and Is denotes reverse-direction saturation current of a 
bipolar transistor, under the condition that forWard current 
?oWs betWeen the bases and emitters of the transistors BTl 
and BT2, VBEl and VBE2 are expressed as folloWs. 

VBEl : 117* In (IO/Is) 

VBE2: VT*In(I0/(n*1s)) 

In the expressions, “*” indicates a multiplication sign and 
“/” indicates a division sign. When it is considered that the 
differential ampli?er has an offset, Vc2—Vc1:V0S. Since 
Vc1IVBE1 and Vc2:VBE2+I0*R1, they are substituted for 
the expressions and organiZed as folloWs. 

As for the output voltage Vbgout, the equation of Vbgout/ 
Rb+(Vbgout—VBE3)/Ra:I0 is satis?ed. The equation is 
rearranged With respect to the output voltage Vbgout as 
folloWs. 

When the current I0 in the equation (1) is substituted, the 
folloWing is obtained. 

From the above, a rage of change of Vbgot With respect 
to Vos is expressed as folloWs. 

A variation of this magnitude occurs in the output due to the 
offset of the differential ampli?er. 
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An object of the present invention is to provide a band gap 
type reference voltage generating circuit and a semiconduc 
tor integrated circuit having the same, capable of generating 
a reference voltage of about 1.2V or less subjected to 
temperature compensation and poWer supply voltage com 
pensation, and reducing the offset voltage dependency of the 
differential ampli?er. 

The above and other objects and novel features of the 
invention Will become apparent from the description of the 
speci?cation and appended draWings. 

Outline of representative ones of inventions disclosed in 
the present application Will be described as folloWs. 
A reference voltage generating circuit according to the 

present invention includes a band gap part and an output 
part. The band gap part has: a ?rst resistor and a ?rst bipolar 
transistor connected in series betWeen poWer supply voltage 
terminals; a second resistor, a second bipolar transistor, and 
a third resistor connected in series betWeen the poWer supply 
voltage terminals; and a differential ampli?er that receives 
voltages generated by the ?rst and second resistors. An 
output of the differential ampli?er is applied to the bases of 
the tWo transistors. The output part has a bipolar transistor 
having a base to Which the output of the differential ampli?er 
is applied, a resistor connected in series With the transistor, 
a current mirror circuit for transferring current ?oWing in the 
transistor, and a resistor and a diode for converting the 
transferred current to voltage. 

With the above-described means, negative feedback is 
performed from output to input of the differential ampli?er 
in the band gap part so that an output of the differential 
ampli?er becomes equal to the base-emitter voltage VBE of 
the bipolar transistor. Even if offset voltage exists in the 
differential ampli?er and output of the differential ampli?er 
changes, the voltage generated in the ?rst resistor mainly 
changes. Therefore, a change in the output of the differential 
ampli?er With respect to the offset voltage is reduced accord 
ing to product (ampli?cation degree) of gm (transmission 
conductance) of the differential ampli?er and a resistance 
value of the ?rst resistor. 

The voltage is converted to current by the bipolar tran 
sistor, resistor, and current mirror and, further, the current is 
converted to voltage by an output circuit having a resistor 
and a diode, a voltage in Which a change by the offset 
voltage is reduced is obtained. The temperature character 
istic of voltage generated at a terminal in the resistor and that 
in the diode, the resistor and the diode being connected in 
series in the output part, are opposite to each other, so that 
voltage changes according to temperature change cancel out 
each other and output voltage having loW temperature 
dependency is obtained. Further, the current mirror has a 
characteristic such that current is unchanged even if the 
poWer supply voltage ?uctuates. Consequently, by converg 
ing current regenerated by the current mirror to voltage by 
the output circuit formed by the resistor and diode, output 
voltage having loW poWer supply voltage dependency is 
obtained. 

Preferably, a resistor is connected in parallel With the 
resistor and the diode for current-voltage conversion in the 
output part. More preferably, a startup circuit is provided 
Which has a function of receiving/passing current from/to 
the ?rst or second resistor in the band gap part on start of 
operation of the reference voltage generating circuit and, 
after the output of the differential ampli?er rises to a 
predetermined level, interrupting the receiving current or 
passing current. With the con?guration, a situation such that 
the reference voltage generating circuit becomes stable in a 
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4 
state other than a state Where a desired output voltage is 
output is avoided, and accurate output voltage can be 
obtained. 

Effects obtained by the representative one of the inven 
tions disclosed in the application of the present invention 
Will be brie?y described as folloWs. 

According to the invention, the band gap type reference 
voltage generating circuit capable of generating a reference 
voltage of about 1.2V or less subjected to temperature 
compensation and poWer supply voltage compensation and 
achieving reduced offset voltage dependency of a differen 
tial ampli?er can be realiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram shoWing a ?rst embodiment of 
a band-gap type reference voltage generating circuit accord 
ing to the invention. 

FIG. 2 is a circuit diagram shoWing a modi?cation of the 
band-gap type reference voltage generating circuit of a ?rst 
embodiment. 

FIG. 3 is a characteristic diagram shoWing offset voltage 
dependency of output voltage Vbgout of the band-gap type 
reference voltage generating circuit of the ?rst embodiment. 

FIG. 4 is a characteristic diagram shoWing offset voltage 
dependency of output voltage of a reference voltage gener 
ating circuit of an invention in an earlier application. 

FIG. 5 is a circuit diagram shoWing a second embodiment 
of the band-gap type reference voltage generating circuit 
according to the present invention. 

FIG. 6 is a circuit diagram shoWing a modi?cation of the 
band-gap type reference voltage generating circuit accord 
ing to the second embodiment. 

FIG. 7 is a circuit diagram shoWing a third embodiment 
of the band-gap type reference voltage generating circuit 
according to the present invention. 

FIG. 8 is a circuit diagram shoWing a modi?cation of the 
band-gap type reference voltage generating circuit of the 
third embodiment. 

FIG. 9 is a circuit diagram shoWing a con?guration 
example of a band-gap type reference voltage generating 
circuit according to an invention in an earlier application. 

FIGS. 10A and 10B are a layout diagram and a cross 
section, respectively, shoWing an example of an NPN bipo 
lar transistor as a component of the reference voltage gen 
erating circuit of the embodiment of FIG. 1. 

FIGS. 11A and 11B are a layout diagram and a cross 
section, respectively, shoWing an example of a P-channel 
MOS transistor as a component of the reference voltage 
generating circuit of the embodiment of FIG. 1. 

FIGS. 12A and 12B are a layout diagram and a cross 
section, respectively, shoWing an example of an N-channel 
MOS transistor as a component of the reference voltage 
generating circuit of the embodiment of FIG. 1. 

FIGS. 13A and 13B are a layout diagram and a cross 
section, respectively, shoWing an example of a resistive 
element as a component of the reference voltage generating 
circuit in the embodiment of FIG. 1. 

FIGS. 14A and 14B are a layout diagram and a cross 
section, respectively, shoWing an example of a PNP bipolar 
transistor as a component of a reference voltage generating 
circuit in the embodiment of FIG. 5. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 shows a ?rst embodiment of a reference voltage 
generating circuit according to the present invention. 

The reference voltage generating circuit shown in the 
diagram has a resistor R1 and an NPN bipolar transistor BT1 
connected in series betWeen a poWer supply terminal to 
Which a poWer supply voltage Vdd such as 1.5V is applied 
and a poWer supply terminal to Which a poWer supply 
voltage Vss such as a ground potential (0V) is applied. The 
reference voltage generating circuit also has a resistor R2, an 
NPN bipolar transistor BT2, and a resistor R3 connected in 
series betWeen the poWer supply terminals. The resistors R1 
and R2 have the same resistance value R0. The transistors 
BT1 and BT2 are set so that the emitter siZe has a ratio of 
In As the value of “n”, for example, “10” is selected. In 
place of setting the emitter siZe to l:n, as the transistor BT2, 
n pieces of transistors of the same siZe as that of the 
transistor BT1 may be connected in parallel. 

Further, a differential ampli?er AMP1 is provided in 
Which a potential Vc1 at a connection node N1 betWeen the 
resistor R1 and the transistor BT1 is applied to a non 
inversion input terminal and a potential Vc2 at a connection 
node N2 betWeen the resistor R2 and the transistor BT2 is 
applied to an inversion input terminal. An output of the 
differential ampli?er AMP1 is applied to base terminals of 
the transistors BT1 and BT2, and currents I1 and I0 are 
passed to the transistors BT1 and BT2 so that the potentials 
Vc1 and Vc2 at the connection nodes N1 and N2 become the 
same (V c1:Vc2). By the resistors R1, R2, and R3, the 
transistors BT1 and BT2, and the differential ampli?er 
AMP1, a band gap part 11 for outputting voltage according 
to base-emitter voltage VBE1 of the bipolar transistor BT1 
is formed. In the con?guration, the current I0 is in direct 
proportion With the absolute temperature. 

To pass the same current as the current I0 of the transistor 
BT2, an NPN bipolar transistor BT3 having the same siZe as 
that of the transistor BT2 and a resistor R4 are provided. 
BetWeen the collector side of the transistor BT3 and the 
poWer supply voltage Vdd, a P-channel type MOS transistor 
(insulated gate ?eld effect transistor) MT1 Which forms a 
current mirror is provided. The resistor R4 has the same 
reference value R1 as that of the resistor R3. The MOS 
transistor MT1 in Which the gate and the drain are coupled 
to each other acts as current-voltage converting means. By 
applying the converted voltage to the gate terminal of the 
other P-channel type MOS transistor MT2 as a component 
of the current mirror, current according to the siZe ratio (the 
gate Width ratio) betWeen the MOS transistors MT1 and 
MT2 is passed to the MOS transistor MT2. 

In the embodiment, by making the MOS transistors MT1 
and MT2 have the same siZe, the same current as that of the 
MOS transistor MT1 is passed to the MOS transistor MT2. 
A resistor R5 and a so-called diode-connected bipolar tran 
sistor BT4 in Which the base and the collector are coupled 
to each other are connected in series With the MOS transistor 
MT2. A resistor R6 is provided in parallel With the resistor 
R5 and the bipolar transistor BT3. An output part 12 is 
constituted by the transistor BT3, resistor R4, current mirror 
(MT1 and MT2), resistor R5, and diode-connected transistor 
BT4. 

In the output part 12, the negative temperature character 
istic of the base-emitter voltage VBEO of the transistor BT4 
is canceled out by the current I0 (that is, Ia and lb) Which is 
direct proportional With the absolute temperature and the 
voltage of the resistors R5 and R6, the output voltage 
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6 
Vbgout having loW temperature dependency is obtained. 
The current of the transistor BT3 is regenerated by the 
current mirror constructed by the MOS transistors MT1 and 
MT2 and passed to the series resistor R5 and the diode 
connected transistor BT4. Since the current is unchanged 
even When the poWer supply voltage Vdd of the current 
mirror ?uctuates, the output voltage Vbgout having loW 
poWer supply voltage dependency is obtained. 
The resistor R5 and the diode-connected transistor BT4 

may be connected opposite to each other. The current mirror 
may be formed by using a PNP bipolar transistor in place of 
the MOS transistors MT1 and MT2. The differential ampli 
?er AMP1 is constructed by a MOS transistor. A circuit 
having a differential ampli?er stage constructed by a pair of 
differential transistors Whose sources are commonly con 
nected, a constant current source connected to the common 

source, and a passive element connected to the drain side of 
the differential transistor, or a circuit in Which an output part 
of a source grounding type, a source folloWer type, or the 
like is connected to a differential ampli?er stage is used. 

In the reference voltage generating circuit of FIG. 1, When 
there is no offset voltage in the differential ampli?er AMP1, 
current ?oWs in the transistors BT1 and BT2 so that Vc1 
becomes equal to Vc2. On the other hand, When there is an 
offset voltage in the differential ampli?er AMP1, the output 
Vc changes. Mainly Vc1 changes from the state Where 
AVc1/AVc:gm*R0 and AVcZ/AVc is almost equal to 
R0/R1, and a change in Vc relative to offset voltage:|AVc1— 
AVc2| Which is almost equal to |AVc1| is reduced to 
l/gm*R0. That is, by connecting an ampli?er constructed by 
the bipolar transistor BT1 and the resistor R1 to the output 
and feeding back the voltage to the input to control the offset 
voltage, it is considered that a change in the output Vc 
decreases. 

In the embodiment, to copy the current ?oWing in the 
bipolar transistor BT2 by the current mirror and output the 
resultant, the output voltage Vc of the differential ampli?er 
AMP1 is converted to current by the bipolar transistor BT3 
and the resistor R3 having the resistance value R1. To enable 
the output to be captured at the ground (V ss) reference, the 
collector current is of the transistor BT3 is returned by the 
current mirror formed by the MOS transistors M1 and M0. 
By passing the returned current to an output circuit con 
structed by the resistors Ra and Rb and the diode-connected 
bipolar transistor BT4, voltage obtained by reducing a 
change by the offset voltage is obtained. In the above 
equation, gm denotes transmission conductance of the dif 
ferential ampli?er AMP1. 

In the folloWing, the operation of the reference voltage 
generating circuit of FIG. 1 in the case Where there is offset 
voltage in the differential ampli?er AMP1 Will be described. 

In the reference voltage generating circuit of FIG. 1, When 
the offset voltage of the differential ampli?er AMP1 is set as 
Vos and the reverse-direction saturation current of the bipo 
lar transistor is set as Is, Vos:Vc2—Vc1. From the relations 
of Vc2:Vdd—IOR0 and Vc1:Vdd—I1R0, the relation of 
I1:I0+Vos/R0 is satis?ed betWeen the currents I1 and I0 
?oWing in the resistors R1 and R2. Consequently, under the 
condition that the forWard current ?oWs betWeen the base 
and emitter in each of the transistors BT1 and BT2, the 
base-emitter voltages VBE1 and VBE2 in the transistors 
BT1 and BT2 are expressed as folloWs. 
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The output voltage Vc of the differential ampli?er AMP1 
is expressed as follows. 

When VBE1 and VBE2 are eliminated from the above 
expressions, the following is obtained. 

The above is organized as follows. 

VT*In(1+V0s/(IO *R0)):I0 *R1—VT*In(n) 

When it is assumed that Vos is su?iciently small and the 
relation of Vos/(I0*R0)<<l is satis?ed, since In(l+Vos/ 
(I0*R0)) is almost equal to Vos/(I0*R0), the following is 
satis?ed. 

VT* Vos/(I0 *R0):1 0*R 1- VT*In(n) 

The expression is rewritten as follows. 

10 *10-10 *VT/R1*In(n)— VT* Vos/(R0 >“R1):0 

To see a change in I0 relative to Vos, differentiation with 
Vos is carried out as follows. 

The output voltage Vbgout is generated by passing the 
current obtained by copying I0 to a parallel circuit between 
the resistor R5, the transistor BT4, and the resistor R6. 
Consequently, when the resistance value of the resistor R5 
is set as Ra, the base-emitter voltage of the transistor BT4 is 
set as VBEO, and the resistance value of the resistor R6 is 
Rb, from the relation of 

the following expression is obtained. 

The reference voltage generating circuit of the embodi 
ment can generate the output voltage Vbgout of about 1.2V 
or less under the power supply voltage Vdd such as 1.5V by 
properly setting the resistance values Ra and Rb of the 
resistors R5 and R6 and the current I0. For example, in the 
case where Ra:26 kQ, Rb:65 kQ, and I0:20 uA, when it is 
assumed that VBEO:0.7V, Vbgout becomes almost equal to 
0.87V. 
From the equation (3), a change rate dVbgout/dVos with 

respect to the offset Vos of the output voltage Vbgout is 
expressed as follows. 

d Vbgout 
d Vos 

where Ra*Rb/((Ra+Rb)*R1) is the same value as that of the 
circuit of the invention in the earlier application (refer to 
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8 
Expression (2)). Therefore, when 2I0*R0/VT—R0/R1*In 
(n)>l, the change rate dVbgout/dVos is improved. 
As an example, the case where 10:20 uA, R0:25 kQ, 

R1:3 kQ, n:l0, and T:25o C. is considered. Since 
VTIkT/q is almost 26 mV, the following is expressed. 

25110231103 *mio 

=38.5—19.2 

It is understood that the object can be easily achieved. 
Further, the change rate dVbgout/dVos in the case where 

Ra:26 kQ and Rb:65 k9 is 0.321. On the other hand, in the 
reference voltage generating circuit of the earlier invention 
of FIG. 9, the change rate dVbgout/dVos in the case where 
the conditions almost same as t:20 uA, R1:3 kQ, n:l0, 
T:25o C., Ra:26 kQ, and Rb:52 k9 is 5.777. Conse 
quently, it is understood that a ?uctuation in the output 
voltage with respect to variations in the offset of the differ 
ential ampli?er can be largely reduced as compared with that 
in the circuit of the invention in the earlier application. 

In the embodiment, as the transistors BT1, BT2, and BT3, 
common bipolar transistors having a vertical structure can 
be used in the bipolar integrated circuit. However, since 
MOS transistors and bipolar transistors are mixedly 
mounted, the process is complicated. In the embodiment, 
therefore, as the transistors BT1, BT2, and BT3, transistors 
which can be formed by the CMOS process are used. 
Consequently, the process can be simpli?ed and increase in 
cost can be avoided. The resistors R1 to R6 may be a formed 
?lm such as a polysilicon layer or a diffusion layer (well). 

FIG. 3 shows the offset voltage dependency of the output 
voltage Vbgout in the reference voltage generating circuit of 
the embodiment of FIG. 1. For comparison, FIG. 4 shows 
the offset voltage dependency of the output voltage Vbgout 
in the reference voltage generating circuit of the invention in 
the earlier application of FIG. 9. It is understood by com 
parison between FIGS. 3 and 4, the gradient in FIG. 3 is 
gentler, so that ?uctuations in the output voltage with respect 
to variations in the offset are small. Since the scale of the 
axis of ordinates in the graph of FIG. 3 is enlarged more than 
that in the graph of FIG. 4, it should be noted that the 
?uctuations in the output voltage are smaller than they look. 

FIG. 2 shows a modi?cation of the reference voltage 
generating circuit of the embodiment of FIG. 1. In the 
modi?cation, the resistor R6 in the output part in the circuit 
of FIG. 1 is eliminated, so that the output voltage Vbgout is 
slightly higher than that in the circuit of FIG. 1. The other 
con?guration is the same as the circuit of FIG. 1 and, 
similarly, ?uctuations in the output voltage Vbgout with 
respect to variations in the offset in the differential ampli?er 
AMP1 in the band gap part can be reduced. When RbIOO in 
the equation (3), the output voltage Vbgout of the circuit of 
FIG. 2 is obtained. In the case of settings that Ra:26 kQ and 
I0:20 uA in a manner similar to the description in the circuit 
of FIG. 1, when VBEO is assumed to be 0.7V, if RbIOO, 
Ra<<Rb. Ra+Rb can be approximated to Rb, so that the 
equation (3) can be modi?ed as follows. 

VbgOutIRa >“10+ VBEO 

As a result, Vbgout becomes almost equal to 1.22V. 
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FIG. 5 shows a second embodiment of the reference 
voltage generating circuit according to the invention. In the 
second embodiment, PNP transistors are used in place of 
NPN transistors as the transistors BT1, BT2, and BT3 in the 
?rst embodiment. As the MOS transistors MT1 and MT2, 
N-channel MOSFETs are used in place of the P-channel 
MOSFETs. 

In accordance With the change, to reverse the potential 
relations in the embodiment of FIG. 1, the transistors BT1, 
BT2, and BT3 and the resistors R3 and R4 are provided on 
the side of the poWer supply voltage Vdd, and the resistors 
R1 and R2 and the transistors MT1 and MT2 are provided 
on the side of the poWer supply voltage Vss. Further, as the 
differential ampli?er AMP1, a circuit using a P-channel 
MOS transistor as a differential input transistor is used. 
Since the principle of operation of the reference voltage 
generating circuit of the second embodiment is the same as 
that of the reference voltage generating circuit of the 
embodiment of FIG. 1, the detailed description of the 
operation Will not be repeated. 

FIG. 6 shoWs a modi?cation of the reference voltage 
generating circuit of the second embodiment of FIG. 5. In 
the modi?cation, the resistor R6 in the output part in the 
circuit of FIG. 5 is omitted, and the output voltage Vbgout 
is slightly loWer than that in the circuit of FIG. 5. The other 
con?guration is the same as that of the circuit of FIG. 5. 
Similarly, ?uctuations in the output voltage With respect to 
variations in the offset of the differential ampli?er can be 
reduced. 

FIG. 7 shoWs a third embodiment of the reference voltage 
generating circuit according to the invention. In the third 
embodiment, a startup circuit 20 is added to a reference 
voltage generating circuit 10 having a con?guration similar 
to that of the ?rst embodiment to avoid a situation such that 
When the reference voltage generating circuit 10 starts 
operating, the operation becomes stable at an undesired 
operation point, and a desired output voltage cannot be 
obtained. 

The startup circuit 20 has a MOS transistor MT3 Whose 
source terminal is connected to the connection node N2 
betWeen the resistor R2 and the transistor BT2 in the 
reference voltage generating circuit 10 and for receiving the 
current from the resistor R2 not through the transistor BT2, 
and a differential ampli?er AMP2 functioning as a compara 
tor for on/olf controlling the transistor MT3. The startup 
circuit 20 also has a resistance dividing circuit 21 formed by 
resistors R7 and R8 for applying a reference voltage Vref to 
the differential ampli?er AMP2, a current mirror circuit 22 
for receiving current from the MOS transistor MT3 and the 
resistance dividing circuit 21 on the basis of control current 
lbs, and a diode-connected transistor BT5 for protection 
Which is provided in parallel With the resistors R7 and R8. 

The reference voltage Vref generated by the resistance 
dividing circuit 21 is applied to the non-inversion input 
terminal of the differential ampli?er AMP2, the potential 
Vc1 at the node N1 of the reference voltage generating 
circuit 10 is applied to the inversion input terminal of the 
differential ampli?er AMP2. The current mirror circuit 22 is 
formed by a diode-connected MOS transistor MT4 Whose 
gate and drain are coupled to each other and converting the 
control current lbs to a voltage, and MOS transistors MT5 
and MT6 in Which the same voltage as the gate voltage of 
the MOS transistor MT4 is applied to the gates. In the third 
embodiment, the MOS transistors MT4 to MT6 are of the 
N-channel type. 

Before the reference voltage generating circuit 10 is 
started, no current ?oWs in the resistor R1, so that the 
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10 
potential Vc1 at the node N1 is at the Vdd level. Conse 
quently, the output Vol of the differential ampli?er AMP2 is 
at the loW level. In the case of starting the reference voltage 
generating circuit 10, ?rst, the control current Ibs is passed 
to the startup circuit 20. Current is passed to the resistor R2 
via the MOS transistor MT3 Which is turned on by the output 
Vol of the differential ampli?er AMP2, and the potential Vc2 
of the node N2 drops. Accordingly, the output Vc of the 
differential ampli?er AMP1 changes to the high level, the 
transistors BT1 to BT3 are turned on, and current ?oWs in 
the resistors R1 and R2. 

In such a state, the potential Vc1 at the node N1 becomes 
loWer than the reference voltage Vref generated by the 
resistance voltage dividing circuit 21, the output Vol of the 
differential ampli?er AMP2 is inserted, and the MOS tran 
sistor MT3 for bypass is turned off. It makes the reference 
voltage generating circuit 10 enter a state equivalent to the 
state Where there is no startup circuit 20, the currents I0 and 
I1 of a preliminarily assumed desired magnitude How in the 
resistors R1 and R2, and the desired voltage Vbgout is 
output. Once the reference voltage generating circuit 10 
shifts to such a state, even if the control current Ibs is 
interrupted, the reference voltage generating circuit 10 keeps 
on normally operating. Therefore, the control current Ibs can 
be used as a current pulse. 

In the startup circuit 20 of the third embodiment, the MOS 
transistor MT3 for receiving current from the reference 
voltage generating circuit 10 is connected to the connection 
node N2 betWeen the resistor R2 and the transistor BT2. 
Alternatively, the MOS transistor MT3 may be connected to 
the connection node N1 betWeen the resistor R1 and the 
transistor BT1. In this case, the potential Vc2 at the con 
nection node N2 betWeen the resistor R2 and the transistor 
BT2 is applied to the inversion input terminal of the differ 
ential ampli?er AMP2. 

FIG. 8 shoWs a modi?cation of the reference voltage 
generating circuit With the startup circuit of FIG. 7. In the 
modi?cation, the MOS transistor MT7 for passing current to 
the divided resistors R7 and RB for generating the reference 
potential Vref of the differential ampli?er AMP2 in the 
embodiment of FIG. 7 is provided on the side of the poWer 
supply voltage Vdd, not the side of the ground potential Vss. 
To send back the current ?oWing in the MOS transistor MT4 
to Which the control current Ibs ?oWs and the MOS tran 
sistor MT5 forming a current mirror, a second current mirror 
circuit 23 having the MOS transistors MT8 and MT7 is 
provided. The current transferred to the MOS transistor MT7 
by the current mirror circuit 23 is passed to the divided 
resistors R7 and R8. Since the function and operation of the 
startup circuit in the modi?cation are almost similar to those 
of the startup circuit of FIG. 7, the detailed description Will 
not be repeated. 

In the modi?cation as Well, the MOS transistor MT3 for 
draWing current from the reference voltage generating cir 
cuit 10 can be connected to the connection node N1 betWeen 
the resistor R1 and the transistor BT1. In FIGS. 7 and 8, the 
reference voltage generating circuit 10 having a con?gura 
tion similar to that shoWn in FIG. 1 is shoWn. HoWever, the 
invention can be also applied to the case of using the 
reference voltage generating circuit 10 shoWn in FIG. 2, 5, 
or 6. 

When the invention is applied to the case using the 
reference voltage generating circuit 10 shoWn in FIGS. 5 and 
6, the MOS transistors MT4 to MT6 forming the current 
mirror are provided on the poWer supply voltage Vdd side, 
not the ground potential Vss side. The MOS transistor MT3 
Which is connected to the connection node N2 betWeen the 
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resistor R2 and the transistor BT2 and on/olf controlled by 
the differential ampli?er AMP2 operates so as to pass current 
to the resistor R2. 

In the reference voltage generating circuit using a MOS 
transistor and a bipolar transistor, in the case of using a 
bipolar transistor as a diode as shoWn in FIG. 9, the 
ampli?cation factor of the device may be loW. Consequently, 
a so-called horiZontal-type bipolar transistor in Which opera 
tion current ?oWs mainly in the direction of a plane of a 
substrate, Which can be formed by the CMOS Process, can 
be used. 
On the other hand, in the case of using the bipolar 

transistors BT1 to BT3 as ampli?cation elements as in the 
reference voltage generating circuit of the embodiment of 
the present invention, the ampli?cation factor of the device 
is preferably high to a certain extent. Consequently, it is 
desirable to use a so-called vertical bipolar transistor in 
Which operation current ?oWs mainly in the perpendicular 
direction of the substrate. The general vertical bipolar tran 
sistor is formed by a process different from that of a CMOS 
integrated circuit. The reference voltage generating circuit in 
the embodiment of the present invention uses a vertical 
bipolar transistor Which can be formed by the CMOS 
process. In the folloWing, the structure of such a vertical 
bipolar transistor Will be described. 

FIGS. 10A and 10B shoW an example of an NPN bipolar 
transistor used as the transistors BT1 to BT3 forming the 
reference voltage generating circuit of the embodiment of 
FIG. 1. FIGS. 11A and 11B shoW an example of a P-channel 
MOS transistor used as the transistors MT1, MT2, and the 
like in FIG. 1. FIGS. 12A and 12B shoW an example of an 
N-channel MOS transistor as a component of the differential 
ampli?er AMP1 in FIG. 1. 
As shoWn in FIG. 10B, the NPN bipolar transistor has an 

N-type buried region 32 formed in a semiconductor sub 
strate 31 made of single crystal silicon or the like, an N-type 
region 33 and a P-type region 34 formed on the buried 
region 32, an N-type region 35 formed in the surface of the 
N-type region 33, and a P-type region 36 and an N-type 
region 37 formed in the surface of the P-type region 34. 

In the embodiment, the semiconductor substrate 31 is of 
the P-type. The buried region 32 functions as a collector 
region, and the N-type region 33 is in contact With the buried 
region 32 and functions as a collector pull-up region. The 
P-type region 34 functions as a base region, and the N-type 
region 37 functions as an emitter region. Further, the N-type 
region 35 functions as a contact layer of the collector pull-up 
region (33), and the P-type region 36 functions as a contact 
layer of the base region (34). 

The N-type region 33 as a collector pull-up region is 
formed simultaneously With an N-type Well region 43 in 
Which a P-channel MOS transistor shoWn in FIG. 11B is 
formed by the same process. The P-type region 34 as a base 
region is formed simultaneously With a P-type Well region 
44 in Which an N-channel MOS transistor shoWn in FIG. 
12B is formed by the same process. 
The P-type region 36 as a base contact layer is formed 

simultaneously With a P-type diffusion region 46 as a 
source/drain region of the P-channel MOS transistor shoWn 
in FIG. 11B by the same process. The N-type region 35 as 
a collector contact layer and the N-type region 37 as an 
emitter region are formed simultaneously With an N-type 
diffusion region 45 as a source/drain region in the N-channel 
MOS transistor shoWn in FIG. 12B by the same process. 
A process of forming the N-type buried region 32 is a 

process Which is not included in the conventional general 
CMOS process. Concretely, an N-type impurity is intro 
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12 
duced onto the surface of the P-type semiconductor substrate 
31. After that, a semiconductor layer serving as the N-type 
Well region 43 and the P-type Well region 44 is formed by 
epitaxial groWth. An N-type impurity is introduced to a part 
as the N-type Well region 43 or a P-type impurity is 
introduced to a part as the P-type Well region 44. After that, 
the regions 35, 36, and 37 of the transistors are formed. 
As shoWn in FIG. 10A, the N-type region 33 as a collector 

pull-up region is formed so as to surround the P-type region 
34 as a base region, and the N-type region 37 as an emitter 
region is formed in the center of the P-type region 34 as a 
base region. In FIG. 10A, CH1, CH2, and CH3 denote 
contact holes in the collector electrode, base electrode, and 
emitter electrode, respectively. 

In FIGS. 11A and 11B, an N-type region 450 is a region 
Which becomes a contact layer to be in contact With an 
electrode to Which the poWer supply voltage Vdd for reverse 
biasing the PN junction is applied to the N-type Well region 
43 as a back gate of the P-channel MOS transistor. In FIGS. 
12A and 12B, a P-type region 460 is a region Which becomes 
a contact layer to be in contact With an electrode to Which the 
ground potential Vss for reverse biasing the PN junction is 
applied to the P-type Well region 44 as a back gate of the 
N-channel MOS transistor. 
As shoWn in FIGS. 11A and 11B and FIGS. 12A and 12B, 

in the embodiment, an N-type isolation region 42 is formed 
beloW the N-type Well region 43 and the P-type Well region 
44 in Which a P-channel MOS transistor and an N-channel 
MOS transistor are formed, respectively. HoWever, the 
N-type isolation region 42 may not be provided. By provid 
ing the N-type isolation region 42 in part of the MOS 
transistor and applying a predetermined potential, leak cur 
rent ?oWing in the substrate can be reduced. The N-type 
isolation region 42 in the part of the MOS transistor is 
formed in the same process as that of the N-type buried 
region 32 as the collector of the bipolar transistor. 

FIGS. 13A and 13B shoW an example of the resistors R1 
to R6 in FIG. 1 forming the reference voltage generating 
circuit. As shoWn in FIGS. 13A and 13B, the resistors R1 to 
R6 are constructed by forming an insulting ?lm 59 such as 
a silicon oxide ?lm (SiO2) by thermal oxidation or the like 
on the surface of an N-type Well region 53 formed on the 
semiconductor substrate 31 and forming a polysilicon layer 
58 on the insulating ?lm 59. The polysilicon layer 58 can be 
formed by the same process as that of the polysilicon layer 
48 as the gate electrode of the P-channel MOS transistor 
shoWn in FIG. 11B and the N-channel MOS transistor shoWn 
in FIG. 12B. 

To have desired sheet resistance, the impurity concentra 
tion of the polysilicon layer 58 may be different from that of 
the polysilicon layer 48 as the gate electrode. For example, 
in the polysilicon layer 48 as the gate electrode of the MOS 
transistor, impurity is introduced at the time of ion implan 
tation for forming a source/drain region, thereby loWering 
resistance. By masking the polysilicon layer 58 as a resistor 
formed on the insulating ?lm 59 so that impurities are not 
introduced into the polysilicon layer 58 at the time of ion 
implantation, the impurity concentrations can be made dif 
ferent from each other. 

An N-type region 55 formed in part of the N-type Well 
region 53 is a region serving as a contact layer to be in 
contact With an electrode to Which the poWer supply voltage 
Vdd for reverse biasing the PN junction is applied to the 
N-type Well region 53. By ?xing the potential of the N-type 
Well region 53, the N-type region 55 has the function of 
preventing the capacitance value of parasitic capacitance 
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between the polysilicon layer 58 as a resistor and the 
substrate from ?uctuating due to a voltage applied to the 
resistor. 

FIGS. 14A and 14B shoW an example of a PNP bipolar 
transistor used as the transistors BT1 to BT3 and the like 
forming the reference voltage generating circuit of FIG. 5. 

The PNP bipolar transistor has, as shoWn in FIG. 14B, a 
p-type buried region 32' formed in the semiconductor sub 
strate 31 made of single crystal silicon or the like, a P-type 
region 33' and an N-type region 34' formed on the buried 
region 32', a P-type region 35' formed in the surface of the 
P-type region 33', and an N-type region 36' and a P-type 
region 37' formed in the surface of the N-type region 34'. 

In the embodiment, the semiconductor substrate 31 is of 
the N-type. The buried region 32' functions as a collector 
region, and the P-type region 33' is connected to the buried 
region 32' and functions as a collector pull-up region. The 
N-type region 34' functions as a base region, and the P-type 
region 37' functions as an emitter region. Further, the P-type 
region 35' functions as a contact layer of the collector 
pull-up region (33'), and the N-type region 36' functions as 
a contact layer of the base region (34'). 

The P-type region 33' as a collector pull-up region is 
formed simultaneously With and by the same process as the 
P-type Well region 44 in Which an N-channel MOS transistor 
shoWn in FIG. 12B is formed. The N-type region 34' as a 
base region is formed simultaneously With and by the same 
process as the N-type Well region 43 in Which a P-channel 
MOS transistor shoWn in FIG. 11B is formed. 

The N-type region 36' as a base contact layer is formed 
simultaneously With and by the same process as the N-type 
diffusion region 45 as a source/drain region of the N-channel 
MOS transistor shoWn in FIG. 12B. The P-type region 35' as 
a collector contact layer and the P-type region 37' as an 
emitter region are formed simultaneously With and by the 
same process as the P-type diffusion region 46 as a source/ 
drain region in the P-channel MOS transistor shoWn in FIG. 
11B. 

Although the present invention achieved by the inventors 
herein has been concretely described on the basis of the 
embodiments, obviously, the invention is not limited to the 
embodiments but can be variously modi?ed Without depart 
ing from the gist of the invention. For example, in place of 
a diode-connected bipolar transistor forming an output part 
of the reference voltage generating circuit, a PN junction 
diode may be used. In place of the MOS transistors MT1 to 
MT6, bipolar transistors may be used. 

The present invention can be Widely utiliZed for a semi 
conductor integrated circuit having the reference voltage 
generating circuit and electronic circuits to Which the semi 
conductor integrated circuit is applied. 

The reference voltage generating circuit according to the 
invention is effectively used for a circuit for generating a 
reference voltage necessary for an A/D converter or D/A 
converter in an analog integrated circuit having therein the 
A/D converter or D/A converter. It can be also used for a 
circuit for generating a comparison voltage used in a com 
parator. 
What is claimed is: 
1. A reference voltage generating circuit having a band 

gap part and an output part, 
Wherein the band gap part has: a ?rst resistor and a ?rst 

bipolar transistor connected in series betWeen a ?rst 
poWer supply voltage terminal and a second poWer 
supply voltage terminal; a second resistor, a second 
bipolar transistor, and a third resistor connected in 
series betWeen the ?rst poWer supply voltage terminal 
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and the second poWer supply voltage terminal; and a 
differential ampli?er that receives voltages generated 
by the ?rst and second resistors, 

Wherein one end of the ?rst resistor is connected to the 
?rst poWer supply voltage terminal, the ?rst bipolar 
transistor is connected to the second poWer supply 
voltage terminal, one end of the second resistor is 
connected to the ?rst poWer supply voltage terminal, 
one end of the third resistor is connected to the second 
poWer supply voltage terminal, the second bipolar 
transistor is connected betWeen the second and third 
resistors, 

Wherein potential at a connection point betWeen the ?rst 
resistor and the ?rst bipolar transistor is applied to a 
?rst input terminal of the differential ampli?er circuit, 
potential at a connection point betWeen the second 
resistor and the second bipolar transistor is applied to a 
second input terminal of the differential ampli?er cir 
cuit, an output of the differential ampli?er is applied to 
the bases of the ?rst and second bipolar transistors, and 

Wherein the output part has a third bipolar transistor 
having a base to Which the output of the differential 
ampli?er is applied, a fourth resistor connected in 
series With the third bipolar transistor, a current mirror 
circuit for transferring current ?oWing in the third 
bipolar transistor, and a ?fth resistor and a junction type 
passive element connected in series for converting the 
transferred current to voltage. 

2. The reference voltage generating circuit according to 
claim 1, Wherein the ?rst and second resistors have the same 
resistance value, the third and fourth resistors have the same 
resistance value, and the second and third bipolar transistors 
include emitters of the same siZe. 

3. The reference voltage generating circuit according to 
claim 2, Wherein a sixth resistor is connected in parallel With 
the ?fth resistor and the junction type passive element that 
are connected in series. 

4. The reference voltage generating circuit according to 
claims 1, 

Wherein the current mirror circuit has a diode-connected 
?rst MOS transistor connected in series With the third 
bipolar transistor and a second MOS transistor having 
a gate terminal to Which the same voltage as the gate 
voltage of the ?rst MOS transistor is applied, and 

Wherein the differential ampli?er is constructed by a MOS 
transistor. 

5. The reference voltage generating circuit according to 
claim 4, 

Wherein the ?rst, second, and third bipolar transistors are 
NPN-type bipolar transistors, and 

Wherein the ?rst and second MOS transistors are P-chan 
nel type MOS transistors. 

6. The reference voltage generating circuit according to 
claim 4, 

Wherein the ?rst, second, and third bipolar transistors are 
PNP-type bipolar transistors, and 

Wherein the ?rst and second MOS transistors are N-chan 
nel type MOS transistors. 

7. The reference voltage generating circuit according to 
claim 6, Wherein the junction type passive element in the 
output part is a diode-connected bipolar transistor in Which 
a base terminal and a collector terminal are coupled to each 
other. 

8. The reference voltage generating circuit according to 
claim 6, Wherein the junction-type passive element in the 
output part is a PN junction diode. 
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9. The reference voltage generating circuit according to 
claim 1, further comprising a startup circuit having a func 
tion of receiving/passing current from/to the ?rst or second 
resistor in the band gap part on start of operation of the 
reference voltage generating circuit and, after the output of 
the differential ampli?er rises to a predetermined level, 
interrupting the receiving current or passing current. 

10. A semiconductor integrated circuit having therein a 
reference voltage generating circuit according to claim 1 and 
an A/D converter or D/A converter, Wherein voltage gener 
ated by the reference voltage generating circuit is supplied 
as a reference voltage to the A/ D converter or D/A converter. 

11. A semiconductor integrated circuit apparatus having 
therein a reference voltage generating circuit, 

Wherein a reference voltage generating circuit has a band 
gap part and an output part, 

Wherein the band gap part has: a ?rst resistor and a ?rst 
bipolar transistor connected in series betWeen a ?rst 
poWer supply voltage terminal and a second poWer 
supply voltage terminal; a second resistor, a second 
bipolar transistor, and a third resistor connected in 
series betWeen the ?rst poWer supply voltage terminal 
and the second poWer supply voltage terminal; and a 
differential ampli?er that receives voltages generated 
by the ?rst and second resistors, 

Wherein one end of the ?rst resistor is connected to the 
?rst poWer supply voltage terminal, the ?rst bipolar 
transistor is connected to the second poWer supply 
voltage terminal, one end of the second resistor is 
connected to the ?rst poWer supply voltage terminal, 
one end of the third resistor is connected to the second 
poWer supply voltage terminal, the second bipolar 
transistor is connected betWeen the second and third 
resistors, 

Wherein potential at a connection point betWeen the ?rst 
resistor and the ?rst bipolar transistor is applied to a 
?rst input terminal of the differential ampli?er circuit, 
potential at a connection point betWeen the second 
resistor and the second bipolar transistor is applied to a 
second input terminal of the differential ampli?er cir 
cuit, an output of the differential ampli?er is applied to 
the bases of the ?rst and second bipolar transistors, 

Wherein the output part has a third bipolar transistor 
having a base to Which the output of the differential 
ampli?er is applied, a fourth resistor connected in 
series With the third bipolar transistor, a current mirror 
circuit for transferring current ?oWing in the third 
bipolar transistor, and a ?fth resistor and a junction type 
passive element connected in series for converting the 
transferred current to voltage, 

Wherein the differential ampli?er includes, as passive 
elements, an N-channel type MOS transistor and a 
P-channel type MOS transistor, and 

Wherein each of the ?rst, second, and third bipolar tran 
sistors has a buried semiconductor region as a collector 
region and is formed as a vertical transistor in Which 
operation current ?oWs mainly in the direction perpen 
dicular to a substrate, and at least an emitter region is 
a semiconductor region formed by the same process as 
a process of forming a semiconductor region as a 
source/drain region of the N-channel type MOS tran 
sistor or P-channel type MOS transistor. 
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12. The semiconductor integrated circuit apparatus 

according to claim 11, Wherein a semiconductor region as a 
base region in each of the ?rst, second, and third bipolar 
transistors is a semiconductor region formed by the same 
process as the process of forming a Well region in Which the 
source/drain region of the N-channel type MOS transistor or 
P-channel type MOS transistor is formed. 

13. The semiconductor integrated circuit apparatus 
according to claim 11, 

Wherein the ?rst, second, and third bipolar transistors are 
NPN-type bipolar transistors, 

Wherein a semiconductor region is provided as a collector 
pull-up region Which is connected to a buried semicon 
ductor region as the collector region of each of the ?rst, 
second, and third bipolar transistors, 

Wherein a semiconductor region as a base region in each 
of the ?rst, second, and third bipolar transistors is 
formed by the same process as a process of forming a 
P-type Well region in Which the source/drain region of 
the N-channel type MOS transistor is formed, and 

Wherein the semiconductor region as the collector pull-up 
region is an N-type semiconductor region formed by 
the same process as a process of forming an N-type 
Well region in Which the source/drain region in the 
P-channel type MOS transistor is formed. 

14. The semiconductor integrated circuit apparatus 
according to claim 11, 

Wherein the ?rst, second, and third bipolar transistors are 
PNP-type bipolar transistors, 

Wherein a semiconductor region is provided as a collector 
pull-up region Which is connected to a buried semicon 
ductor region as the collector region of each of the ?rst, 
second, and third bipolar transistors, 

Wherein a semiconductor region as a base region in each 
of the ?rst, second, and third bipolar transistors is an 
N-type semiconductor region formed by the same pro 
cess as a process of forming an N-type Well region in 
Which the source/drain region of the P-channel type 
MOS transistor is formed, and 

Wherein the semiconductor region as the collector pull-up 
region is formed by the same process as a process of 
forming a P-type Well region in Which the source/drain 
region in the N-channel type MOS transistor is formed. 

15. The semiconductor integrated circuit apparatus 
according claim 11, Wherein a semiconductor region formed 
by the same process as that of a buried semiconductor region 
as a collector region of the bipolar transistor is provided 
betWeen a Well region in Which the source/drain region of 
each of the N-channel type MOS transistor and the P-chan 
nel type MOS transistor is formed and a semiconductor 
substrate. 

16. The semiconductor integrated circuit apparatus 
according claim 11, Wherein the ?rst to ?fth resistors are 
made by a conductive layer formed over an insulating ?lm 
on one of faces of a semiconductor substrate, and the 
conductor layer is made of the same material as that of a 
conductive layer of the gate electrodes of the N-channel type 
MOS transistor and the P-channel type MOS transistor. 


